Introduction
Hand hygiene is a milestone of infectious disease control, and promotion of improved hand hygiene has been recognized as an important public health measure. 1, 2 It has long been recognized to be a convenient, effective, and also cost-effective means of preventing communicable diseases. 2 According to the definition of World Health Organization, hand hygiene is a general term referring to any action of hand cleansing, ie, it is the act of cleaning one's hands with or without the use of water or another liquid, or with the use of soap, for the purpose of removing soil, dirt, and/or microorganisms. 3 A causal link between hand hygiene and rates of infectious disease illness has also been established earlier. 4, 5 Globally, .3.5 million children younger than 5 years, 6, 7 mainly concentrated in developing countries 8 including Bangladesh, die from diarrhea and acute lower respiratory tract infections. The transmission of communicable diseases is responsible for .164 million lost school days per school year among students up to twelfth grade worldwide. 9 Approximately 2.4 million deaths can be prevented annually by good hygiene practice, reliable sanitation, and drinking water. 10 A meta-analysis on 30 hand hygiene studies found that improvements in handwashing reduced the incidence of upper respiratory tract infections by 21% and gastrointestinal illnesses by 31%. 11 Another evidence showed that handwashing with soap could reduce the risk of diarrheal diseases by 42%-47%, and handwashing promotion could save millions of lives. 12 Despite the proven importance and benefits of washing hand, proper handwashing is not as pervasive as desired to prevent infections until now, especially in the developing countries that bear the greatest burden of infectious diseases. A survey undertaken in Bangladesh indicated that handwashing practice with soap before eating was much lower than after defecation, and a gap persists between perception and practice of proper handwashing practices with soap. 10 Another observational study in rural Bangladesh showed that 14% of all persons washed both hands with soap after defecation, while ,1% used soap and water for washing hand before eating. 13 Several studies addressed hand hygiene among different population in Bangladesh; however, hand hygiene studies among college or university students are very limited. 10, 13, 14 Although the morbidity and mortality associated with respiratory and gastrointestinal illnesses among university students are relatively low, these infections may contribute to absenteeism along with sickness presenteeism, which can ultimately affect academic performance and efficiency 15 and can also be associated with outbreaks of viral gastroenteritis, upper respiratory tract infections, and group B streptococcal colonization in this setting, 15 which ultimately affect potential human resource development. With the limited research about hand hygiene knowledge and practice among university students, this study evaluated handwashing knowledge, attitude, practice, and other related factors among the selected university students of Dhaka city in Bangladesh.
Methods study design and setting
A cross-sectional study was conducted among the undergraduate private university-going students in Banani of Dhaka city during August 2013-September 2013. Banani is an affluent residential area with a number of restaurants, universities, and shopping centers, as well as schools and members' clubs, in Dhaka, the capital of Bangladesh. Out of nine private universities located in Banani, Dhaka, four nearby universities are purposively selected for this survey. The universities were selected based on the criteria that must have undergraduate course level. The inclusion criterion for participants was being a registered undergraduate ongoing student of any year of bachelor level; and the participation was completely voluntary. Study participants provided written consent prior to participating; and participants' anonymity and confidentiality were maintained throughout the study. This study was conducted through Northern University where only written consent from participants was required and no IRB was applicable for this study.
sample size estimation
An earlier study showed that 72.9% of the overall college students washed their hands. 16 The following formula has been used for calculating sample size:
where n is the required sample size, d the marginal error level (we considered the proportion of handwashing practice of students at 6.5% proportion of marginal error level), and z the standard normal deviate (considered 1.96 for 95% confidence interval [CI] ). The formula provided that the significant sample size was 180. Considering a 10% nonresponse rate to the survey, the total required sample size was 198. Finally, a total of 200 participants who were willing to give written consent and participate in the study, were interviewed.
instruments and procedure
A pretested, semistructured, interviewer-administrated questionnaire was applied to capture all relevant data related to sociodemographic characteristics, attitude toward hand hygiene, knowledge, as well as practice of hand hygiene. A checklist related to handwashing practice was incorporated into the questionnaire with three different responses. 6 We put an assumed number "3" for every appropriate answer, "2" for the less appropriate, and finally "1" for no/wrong practice according to responses during analysis and then summed up to make the handwashing practice "score".
Data analysis
Descriptive statistics was used to summarize the data. The characteristics of the study participants were expressed in terms of mean, standard deviation (SD), percentage, and frequencies with 95% CI. Multiple linear regression analysis was done to examine the effect of handwashing practice 
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Hand hygiene among university students score on sex, age, marital status, educational status, parents' educational status, household size, and present living conditions among the study participants. The regression model is as follows for each variable:
where y is a dependent variable (total handwashing practice score), x 1 the respondents' age group (0= #19 years, 1=19-20 years, and 3=23 years or older), x 2 the sex of respondents (0= male and 1= female), x 3 the marital status of respondents (0= married and 1= unmarried), x 4 the respondents' education level (0= first year, 1= second year, 2= third year, and 3= fourth year), x 5 the education level of respondents' mother (1= up to primary, 2= secondary, 3= higher secondary, and 0= higher), x 6 the household size (0= less than four members, 1= four to five members, and 2= more than five members), x 7 the living condition (0= with family member, 1= with relatives, 2= hostel or with friends, and 3= others), β 0 the unknown intercept, β i the unknown regression coefficient (i=1, 2, 3, 4, 5, 6, and 7) for each independent variable that refers to the effect of x i on total handwashing practice score, and ∈ the error term. Unadjusted and adjusted regression coefficient and their corresponding 95% CI and R 2 values were computed. For all tests conducted in this study, statistically significant level was accepted at P,0.05. All statistical analyses were performed using Stata 13.0.
Results

Background information of participants
A total of 200 students participated in the study (Table 1) . Among the total, 68.5% of the respondents were male and 27.5% were married. The mean age (±SD) was 20.4 (±1.8) years, and the age range was between 17 and 26 years. Approximately 51% of the participants were in the second year, followed by 19% in the third year. The study revealed that most of the respondents lived with their own family (57.7%), whereas others lived in the hostel (26%) and with relatives (14%). With regard to parents' education, most of the parents had higher secondary level education and above (Table 1) .
general attitude and knowledge toward hand hygiene
Majority of the students (43.5%) washed their hands only three to five times daily, followed by 28.5% six to ten times. Only 22.5% among the total respondents washed their hands with soap for eleven times or more daily. The main reason to skip handwashing was reported as "keep forgetting", which was 52% and 37.5% at home and at university, respectively. Approximately 67% of the respondents said that they had separate soap for washing hand at home and 56% replied that they used instant hand sterilizer for maintaining hand hygiene. Among the total respondents, 83% of the students thought that washing hand was important to prevent disease, while 17% of the students did not think so (Table 2) .
With regard to knowledge about handwashing, most of the students (69%) believed that cold water should be used for washing hand, while only 28.5% students replied appropriately that "medium hot water" should be used for washing hand. Approximately 80% of the respondents answered "watch and bracelets" need to be removed during washing hand and 38.5% of the students replied that rings need to be removed during handwashing (Table 3) . Of the total students, 39.5% agreed that at least 15 seconds is required for washing hand properly, whereas 26% respondents disagreed with this question (table  not shown) . Approximately 30% of the respondents did not know about the time needed for washing hands.
Hand hygiene practice and its association considering different factors Table 4 shows the participants' response of a "handwashing practice checklist" in percentages for every response. The bold numbers indicate the appropriate answer for each type of practice. The mean (±SD) score of the participant's hand hygiene practice was 50.81 (±4.79) ( Table 5 ). Association of handwashing practice with sociodemographic characteristics using "t-test" showed statistically significant difference in scores (P,0.05) among marital status where the practice score was higher among the unmarried (51.37) and married (49.34). The result also showed a small variation in the practice score among male (50.64) and female (51.17) students, 
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Hand hygiene among university students but statistically, it was not a significant difference (P.0.05) ( Table 5 ). Handwashing practice with some sociodemographic characteristics using "one-way analysis of variance test" showed that the mean score varies with department, which is statistically significant (P,0.05). The result also showed that a small variation in the practice score related with living conditions, and the difference is statistically significant (P,0.05). The practice level of hand hygiene was higher among those who lived with family (51.6) compared to others and the lowest among those who lived alone (45.00). 17 Ramsey regression equation specification error test (RESET) showed that there was sufficient evidence against the hypothesis of omitted variable bias in the model. Regression coefficient demonstrated that age has a negative influence on hand hygiene practice as older students had lower scores compared to the younger ones (P,0.01). On the contrary, marital status showed that the unmarried students were influencing the incensement of handwashing practice more than the married students (P,0.01). The level of higher grade education of participants had also played a significant impact on handwashing practices compared to that of lower grade education.
Factors associated with hand hygiene practice
Conversely, the lower grade of mother education level was negatively associated with the handwashing practice than the higher level of education (Table 6) . On the contrary, the sex of the participating students, father's education level, as well as the current living conditions were not significant predictors of handwashing practice.
Discussion
The present study attempted to assess hand hygiene knowledge and practice among private university students of Bangladesh. It also determined the associations with some 
18
sultana et al sociodemographic features and provided several significant findings. The results of the study indicate that most of the respondents maintained hand hygiene but not sufficiently enough to prevent infection. In this study, most of the participants washed their hands three to five times a day, which is an insufficient number for proper hand hygiene. In contrast, majority of the respondents had separate soap for hand wash in their homes; it is also promising that the majority use instant hand sterilizer when they are outside of home or if water or soap is not available. Our study also indicated that the main reasons for skipping handwashing at home, and in the university setting were participants' beliefs on "keep forgetting", "no need", and poor water supply. Another study encompassing health workers inquired about the reasons for not washing their hands and they pointed out similar attitudes such as "not think about it at the moment", "forgetting", and "being busy". 18 Other relevant studies on handwashing showed that "skin drying effect of hand hygiene products, soap or paper towels unavailability", "lack of time", "lack of knowledge", "not thought and forgotten", and "lack of role models in school or among adults" were the main obstacles in promoting handwashing as the habit of proper hand hygiene. 18, 19 Regression analysis showed no significant variation in the hand hygiene practice among sexes, but it showed significant difference in the marital status, where the hand hygiene practice score was more among the unmarried students. A previous study on the topic did not show any difference between males and females, which is similar to a study done in Africa. However, the study from Africa did not show any difference in the frequency of handwashing between sexes. 20 Participants' faculty was also associated with the scores in the current study. Our study also showed that handwashing practice is associated with the living condition of the parti cipants and is significantly higher among those who live with their family. This study found that the level of education had a significant impact on handwashing practices and that higher grade students practice handwashing frequently than the lower grade students, indicating that the university-based hygiene education is also vital in order to decrease the rates of transmissible diseases.
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Limitations
There are several limitations to this study. As the survey was restricted to the undergraduate students of the selected private university in urban Dhaka, it does not reflect Bangladeshi population as a whole and also does not represent all university students of the country. The participants were quite homogenous as a group, and so it was impossible to compare knowledge about and attitudes toward hand hygiene with regard to the sociodemographic context. Future nationwide research is needed to address these issues.
Conclusion
The findings of this study may indicate widespread insufficient hand hygiene in the university-going population. Moreover, low scores related to participants' handwashing knowledge and practice may indicate a need for an extensive public health education program on the topic. The hand hygiene awareness and compliance among the university students were found to be relatively low. The study shows the need for further improvement in the existing hand hygiene behavioral change communication programs to address the gaps in knowledge, attitudes, and practices. Furthermore, multifaceted and dedicated efforts must be undertaken to rectify this attitude and behavior from early on. Therefore, supporting quantity and/or quality of the available campusbased public health education programs and development of hand hygiene promotion programs for the general public based on the findings of this study are recommended.
